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Novel contributions
• Designing a flexible FPGA-based hardware accelerator for PCA using High Level

Synthesis (HLS), which can be used in Microwave Imaging.

• The flexibility allows us to use different data dimensions (including large data) and

precisions. Fixed- and floating- point arithmetic are also supported.

• We argue that by using HLS the performance of the design is significantly improved

compared with the conventional manual RTL design, in terms of resource usage,

frequency, and latency. Two versions were presented (Design1 and Design2).

Addressed research questions/problems
• SVD and PCA are commonly used in MI algorithms.

• To the best of our knowledge, there are no hardware designs for these algorithms

specifically aimed at microwave imaging.

• Hardware acceleration of PCA (which includes SVD as an internal step) using FPGA is

highly beneficial for MI algorithms.

• Previous FPGA designs of PCA have some drawbacks including one or more of the

followings. They:

- use manual RTL design which increases the total development time

- are not efficient for large data dimensions

- do not implement all the PCA steps (some steps are executed off-line)

- are not flexible; only work for a specific data dimension and precision

Research context and motivation
• EMERALD: ElectroMagnetic imaging for a novel genERation of medicAL Devices

• Medical imaging plays a major role in accurate diagnosis and monitoring the evolution of

diseases.

• MRI, CT, PET: Not portable, expensive, Harmful (CT only), different resolutions.

• Microwave Imaging: Low cost, Non-Ionizing (low health-risk), Excellent for soft tissue

imaging, Portable.

• Different MI applications: breast cancer, brain stroke monitoring, thermal ablation, …

• Inverse scattering MI reconstruction algorithms: convert microwave radiations into image

pixels. Complexity is the main problem in the majority of these algorithms.

• Analysis of MI reconstruction algorithms to find the “computational kernels” which are the

bottlenecks of the design.

• Hardware acceleration of these kernels to reduce the total execution time compared to a

software implementation.

• Whenever required, these accelerated kernels can be invoked from a host CPU, so the

overall performance will be improved. Adopted methodologies

• Vivado HLS tool 2018.2 for test and simulation

• Synthesis results for two FPGAs Virtex7 and Zynq7000.

Future work
• Hardware implementation of the proposed PCA accelerators on Zedboard (Zynq) and

VC709 (Virtex7)

• Comparison of PCA accuracy by using a dataset of MI measurements

• Completing the library of computational kernels recurrent in MI algorithms

• Evaluating the best hardware platform to accelerate the execution of these kernels under

various constraints (power, resource usage, latency, …) and different targets such as

FPGA, GPU, multi-core CPU, ASIC.
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